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This paper discusses user interface evaluations of Electronic Medical Record Systems 
(EMR) using task analysis technique. The main objectives of this evaluation are to identify 
usability problems in the user interface (UI) design, estimate execution time for the observed 
EMR main functionality and to propose suitable interfaces that are compatible with the 
intended doctors’ needs and preferences. Studies were conducted in two public hospitals in 
Malaysia that have been using EMR since 1999 and 2000 consecutively. Evaluations were 
conducted by observing the usage of EMR by 20 doctors during their consultation hours in an 
outpatient setting. Task analysis was used to identify tasks that were performed by the 
doctors, the most priority task to the doctors, and the task dependencies. The identified tasks 
were transformed into Hierarchical Task Analysis (HTA) to obtain a clear view of the 
workflow. We found that the UI of the EMR systems in both hospitals did not follow the exact 
main workflow that was actually performed in the outpatient setting. Button arrangement for 
the main workflow should be visible and follow the sequence of the workflow.  Doctors also 
faced problems with too many keystrokes they have to hit and frequently opening and closing 
certain templates to obtain patient information. Key-stroke Level Model was applied to justify 
the time estimation for the observed functionality as well as for the proposed task description 
that represented in the scenario technique. The simplified HTA and proposed task description 
were transformed into a mock-up user interface design layout before being converted into the 
EMR prototype. The proposed interface confines to the doctor’s workflow and is easy to be 
understood and navigated, hence may increase the efficiency of the EMR system, reduce 
medical errors, and increase the acceptance level of the system. 
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1. Introduction 
Electronic Medical Record system (EMR) is referred to as patient medical records from 
various sources related to patient treatment, diagnosis, lab test, imaging, history, prescription 
and allergies that can be accessed from various sites within the organisation with the 
protection of security, patient privacy and confidentiality [1]. However, EMR has been often 
rejected by users because they were unable to interact well with the system in their work 
processes ([2], [3]). This is due to the inability of the EMR system to deal with human factors, 
especially the cognitive aspects of the user’s activity. In the clinical setting, EMR must be 
intertwined with the doctor’s clinical activity ([3], [4]). The most important factors that affect 
the EMR adoption are related to human characteristics and system characteristics [1]. Some 
of the doctors are novice users and some of them are slow in typing which would increase 
time interaction with EMR and decrease time with the patient. However, the greatest concern 
is related to the lack of integration between EMR with the doctor’s workflow. User interface of 
the EMR system is one of the system characteristic components [5] that may affect the 
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acceptance of hospital information system by the users.  The success of the user interface of 
the system may increase the user acceptance level of the system. Furthermore, the user 
interface of the EMR system would also referred to the entire context of computer use 
including the ability to integrate with the work processes of the users [6]. Therefore, user 
interfaces that are easy to understand and navigate would be able to support healthcare 
processes and reduce medical errors [7].  
 
In Malaysia, a fully integrated Hospital Information System (HIS) was pioneered at Selayang 
Hospital followed by Putrajaya Hospital in the year 2000 [8]. In the year 2004, HIS projects 
were extended to two other hospitals: Pandan Hospital and Serdang Hospital. Another three 
hospitals in East Malaysia (Pitas, Kuala Penyu and Kunak Hospitals) are still in the planning 
stage [9]. A recent study by Mohd and Syed Mohamad [10] in the two pioneering hospitals 
found that the doctors’ acceptance level of EMR is quite low.  
 
Since many of the literatures suggested that low acceptance of EMR could be attributed to 
the weak design of user interface, the researchers proceeded with the investigation to 
evaluate the EMR user interfaces that were currently being used in the two hospitals. The 
main objectives of this evaluation were to identify usability problems in the user interface (UI) 
design, estimate execution time for the observed EMR main functionality, and propose 
suitable interfaces that are compatible with the intended doctors’ needs and preferences.  
Task analysis technique is used to identify the task objectives that were accomplished by the 
users, the most important tasks to the users, and the task dependencies [11]. Task analysis 
is not used to observe users accomplish the task in a specific time frame and situation or to 
analyse the performance. It is purposely used to identify the user’s mental representations 
and to produce generic task description [12]. Task analysis can be transformed into 
Hierarchical Task Analysis (HTA) which describes a set of dependent activities performed to 
achieve certain objectives in a structured manner and in different levels of tasks performed 
[13]. Further description of the tasks can be represented by scenario; a technique to describe 
the user’s activity of the task performed by the user [14]. In order to obtain time estimation for 
each step involved in the scenario statement, the Key-stroke Level Model (KLM) is used to 
estimate the execution time for the task ([15], [16]). Key-stroke Level Model (KLM) provides 
standard operator with time estimation as proposed by Kieras [16]. 
2. Methodology 
The evaluation of EMR in this study was conducted by observing the usage of EMR by 
doctors during their consultation hours in the outpatient setting. Observations were done 
involving 20 different doctors who volunteered to be observed by the researchers. All of the 
doctors have at least 3 months of experience using EMR. The observations focused on the 
basic activities that include: 1) Key-in patient diagnosis in progress notes, 2) Order patient’s 
drug, 3) Order patient’s lab test, 4) Order patient’s image and X-ray, and 5) View summary of 
patient’s profile, history, drug history, lab-test history, and radiology history. During 
observations, the doctors explained the processes involved in their daily activities and gave 
some comments on the existing EMR to the researchers. The comments were recorded on 
paper. Video and tape recordeings were not allowed to protect patients’ and doctors’ privacy 
as well as confidential information.  
The flow of tasks were then transformed into Hierarchical Task Analysis (HTA) in order to 
obtain a clearer view of the task that represented the actual doctors’ activities performed 
during consultation hours in the outpatient setting. Both HTAs from the two hospitals were 
analysed to identify the similar task flows and simplied the complex tasks. Hence, a simplified 
HTA was constructed. The simplified HTA was transformed into scenario statements to 
present clear task flows and descriptions of the proposed EMR functionality. KLM was 
applied to estimate the time execution of the observed EMR functionality as well as the 
proposed task description. 
This paper only discusses two activities: 1) Key-in patient diagnosis in progress notes, and 2) 
Order patient’s drug. 
3. Task Analysis Representations and User Interface Template 
3.1 Task Analysis, HTA Representation, and Task Description 
 
The task analysis represented by HTA is shown in Figure 1a and Figire 1b. It was also being 
documented in order to obtain detail activities that have to be taken in order to complete 
certain procedures. Figure 1 shows that the task analyses in the two hospitals have similar 
procedures to achieve the treatment objectives. However, there is a difference in the clear-up 
patient list procedure. In A1 Hospital, the doctor has to delete the patient name from the 
patient list in order to clear up the patient list. Whereas in B1 Hospital, the doctor has to pass 
the patient to the Pharmacy queue in order to clear up the patient list.  These patient lists 
have to be cleared up to avoid overflow that may cause problem to the system. Hence only 
patients who are not getting their treatments yet are to remain in the list. Figure 2 shows the 
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Figure 1a  User Analysis of EMR system usage environment in B1 Hospital  
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Figure 2   Simplified THA of giving treatment to outpatient setting 
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As stated in Table 2, the time estimation for Scenario 1 in A Hospital was 55.60 + [1.1* no. of 
lines or statements] + 1.12(n) seconds, Scenario 2 in B Hospital was   52.30 + [1.1* no. of 
lines or statements] + 1.12(n)] seconds, and the proposed Scenario was 30.45 + [1.1* no. of 
lines or statements] + 1.12(n)] seconds, where n is the number of typing characters. The time 
estimation was based on one drug ordering and excluded self reporting. The time taken by 
Scenario 3 was 54.71 percent faster than Scenario 1 and 58.22 percent faster than the time 
estimation in Scenario 2. Therefore, Scenario 3 was more appropriate as compared two 
observed scenarios. Scenario 3 was based on the proposed HTA in Figure 3, after 
considering that part of Patient Progress Note information was depended on Patient Medical 
History. Also viewing Patient Medical History has become routine for the doctors since they 




Table 1  Standard Operator and time estimation of the keystrokes [16] 
 
Operator Description Time Estimates (second) 
K Keystroke: pressing only a key button on the 
keyboard. 
0.28 
T(n) Type-in a sequence of character such as search for 
a specific word. 
n * K 
P Point with mouse to a target point on the screen 1.1 
B Press or release mouse button 0.1 
BB Click mouse button 0.2 
H Home hands to keyboard or mouse 0.4 
M Mental action of routine thinking or perception 1.2 
W(t) Waiting for the system to respond that depends on 




Table 2   Time estimation keystroke for drug ordering. 
     
Scenario Statements Operator Time 
Estimation 
in seconds 
Scenario 1 in A Hospital 
1) Choose and double click on patient name from patient list. 
2) Double click on Patient History button to view patient medical 
history. 
3) Select patient important information. 
 
 
4) Click on  Copy button to copy the information. 
5) Double click on Progress Note button, 
5)  Click on Paste button to paste the patient information into the 
Progress Note template. 
6) Key-in patient new diagnosis in the Progress Note template. 
7) Click on Save button to save the information. 
8) Double click on Order button. 
9) Double click on Drug Ordering button[17]. 
10) Key-in the drug information (drug dose, frequency, route, and 
specific instruction) [17]. 
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12) Click on Save button to save drug information. 
13) Click on Home button to view main screen layout (main menu). 
14) Click on the patient name. 




M, P, BB 
M, P, BB 
M, P, BB 








Total time estimation based on one drug ordering (excluding self-reported time): 55.60 + [1.1* 
no. of lines or 
statements] + 
1.12(n)]   
Scenario 2  in B Hospital 
1) Choose and double click on patient name from patient list. 
2) Double click on Patient History button to view patient medical 
history. 
3) Select important information of the patient. 
 
 
4) Click on  Copy button to copy the information. 
5) Double click on Progress Note button, 
6) Click on Paste button to paste the patient information into the 
Progress Note template. 
7) Key-in patient new diagnosis in the Progress Note template.  
8) Click on Save button to save the information. 
9) Double click on Order button. 
10) Double click on Drug Ordering button[17]. 
11) Key-in the drug information (drug dose, frequency, route, and 
specific instruction) [17]. 
12) Modify the drug prescription if necessary. 
13) Click on Save button to save drug information. 
14) Click on Home button to view main screen layout (main menu). 
15) Click on the patient name. 
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52.30 + [1.1* 
no. of lines or 
statements] + 
1.12(n)]   
Scenario 3 (proposed by researchers) 
1) Choose and double click on patient name from patient list  
2) Read on patient medical history that display on default in 
Patient Medical History Window. 
3) Select patient important information. 
 
 
4) Click on Copy button to copy the information. 
5) Click on Paste button to paste the patient information into the 
Progress Note template. 
6) Key-in patient new diagnosis in the Progress Note template. 
7) Click on Save button to save the information. 
8) Double click on Order button. 
9) Double click on Drug Ordering button [17]. 
10) Key-in the drug information (drug dose, frequency, route, and 
specific instruction) [17]. 
11) Modify the drug prescription if necessary. 
12) Click on Save button to save drug information. 
13) Click on Home button to view main screen layout (main menu) 
Note: Patient name is deleted by default after the click on the Save 
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Total time estimation based on one drug ordering (excluding self-reported time): 30.45 + [1.1* 
no. of lines or 
statements] + 
1.12(n)]   
 
Based on the proposed HTA in Figure 2 and the task description in Scenario 3, a paper 
mock-up user interface design was proposed. The paper mock-up represented the prototype 
layout of the EMR system.  A mock-up User Interface Design Template of the Unified EMR 
System in Outpatient Setting is depicted in Figure 3 and Figure 4. Figure 3 shows a window-
based template for viewing the patient medical history and to key in a patient diagnosis in the 
progress note window. The patient medical history will automatically be displayed on the left 
part of the screen. The doctor can view the patient medical history for the past three visits 
and can search for important facts about the patient and key-in the information into a new 
progress note. After observing the patient, the doctor can proceed to drug ordering, lab test 
ordering, or image/x-ray ordering by clicking on the order button. Figure 4 shows the window-




Doctor can view Patient Medical History for the 
past three visits in this window. 
Doctor can key-in patient diagnosis in this window. 
 
Figure 3  Mock-up user interface design template for medical history and progress note 
 
 
In the ordering window, the doctor can decides whether to continue with the past medication 
prescribed by selecting the medication from the previous medication list and transferring the 
previous medication to the new medication list by clicking on the selected field.  
 
Otherwise, the doctor can search for the medication name by typing in the medication name 
or just the initial alphabet of the medication name for example just type in ‘P’ then all the 
medication name starting with ‘P’ will be displayed. The doctor can then select the medication 
name from the list that starts with ‘P’. The dose, duration, frequency of the medication will be 
displayed automatically and can be modified by the doctor as required. The rest of the user 
interface design for lab test and radiology will be from the same template but with the 
relevant fields of lab test specification and radiology specification [17]. 
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Figure 3  Mock-up user interface design for drug/lab test/radiology ordering window 
4. Discussion 
Task analysis is one of the techniques that can be used to identify the real workflow that is 
performed by doctors in the real work setting. Although task analysis has been used for quite 
a long time ago it is still applicable and necessary in evaluating systems that contain real-life 
and confidential data, and the heuristics evaluation on the existing systems cannot be 
performed because of insufficient sources of information such as unavailable technical and 
user manuals, and the fact that the existing systems are strictly protected by the vendors. 
Task analysis can provide valuable information to identify the real tasks performed in the real 
work setting.  The tasks performed can be transformed into Hierarchical Task Analysis (HTA) 
to get a clearer view of the situation. Furthermore, a detailed task description and flow can be 
presented by the scenario technique. It was found that the user interface of the EMR systems 
in both hospitals do not follow the exact main workflow that is being performed in the 
outpatient setting: 1) Viewing patient medical history, 2) Key-in patient diagnosis into 
progress note template, and 3) Ordering: drug, lab test, and image or x-ray (radiology) as 
depicted in Figure 2. The button arrangement for the main workflow should be visible and 
follow the sequence of the workflow.  Doctors also faced problems with too many keystrokes 
they have to be performed and frequently opening and closing certain templates in order to 
obtain patient information for performing certain procedures. These usability problems might 
discourage and demotivate doctors to use the EMR system, hence decrease the acceptance 
level of the system. 
Therefore, KLM was applied to the observed task description. KLM was vital for predicting 
time estimation for each scenario that was based on keyboard or mouse keystroke performed 
by the doctors. KLM was used because this method could estimate the execution time that 
was free from external constraints such as hardware and software performance, environment 
factors like telephone calls and manual administrative work, and the unexpected doctor’s 
conversation with the observer during observation. These external constraints may affect the 
time estimation toward the observed tasks. The simplified HTA and the proposed task 
description in Scenario 3 were transformed into a mock user interface design layout that may 
be used to represent the prototype that would be developed by developer. The user interface 
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design will reduce the time taken by the doctors to record a patient’s diagnosis and drug/lab 
ordering, as well as reduce button clicking. The results in Table 2 have revealed that the time 
taken by the two observed scenarios were longer than the proposed task description stated 
in Scenario 3. The time taken by Scenario 3 was 54.71 percent faster than Scenario 1 and 
58.22 percent faster than the time estimation in Scenario 2, thus it would be justified to say 
that Scenario 3 is an improvement over the two scenarios in terms of user efficiency and 
performance. 
In the HTAs as shown in Figure 1a, Figure 1b and Figure 2, there was a statement that the 
doctor had to write down patient diagnosis and patient prescription on paper before the key-in 
into the EMR system. This showed that even though the medical record was computerised, 
paper-based documentation was still required in this situation. Doctors’ normally did not key-
in patient diagnosis or drug ordering in front of patient to show care and respect to the patient 
as well as to avoid negative interpretation by the patient. Therefore, paper-based 
documentation cannot be avoided in this situation to help the doctor to recall the facts of the 
diagnosis, drug prescription, lab testing, and any image or x-ray order that had to be taken by 
the patient. 
This EMR prototype may offer a possible improved design solution for the existing EMR 
system in outpatient setting. Task analysis results can be transformed as well into Unified 
Modelling Language (UML) using Activity Diagram for better presentation of the tasks 
performed during consultation hours between the doctor and patient. In addition, the scenario 
of the tasks can be presented in a use case specification that is also adapted from the 
scenario technique. 
3. Conclusions 
Task analysis is able to help the system designer to identify the main tasks performed during 
consultation hours between the doctor and patient. It can also identify the complexity of the 
tasks and give an opportunity to system designer to simplify the task. Therefore, the 
complexity of the user interface design will be reduced, hence reduce the time of performing 
certain tasks. Consequently, reduced learning and increased the use speed, additionally 
increase the doctors’ acceptance level of the system. The findings of this study may help the 
designer to improve the user interface design of EMR systems in the outpatient setting. The 
task descriptions as presented by the scenario technique provide useful resources for system 
designers to understand the activities that should be integrated into the new design and 
identify the weaknesses of certain activities to be re-designed. The use of KLM may justify 
the time estimation for each observed scenario and proposed scenario. This information may 
help the designer to enhance the existing EMR system and justify the best UI design layout in 
the early stage of UI design evaluation that does not need the user’s involvement. This is 
especially relevant in the medical domain with the time constraint of the doctors to be 
involved directly in the prototype evaluation of EMR system. A user interface mock-up design 
that follows the doctor’s workflow may lead to the development of a EMR prototype that is 
easy to understand and navigate, hence this may increase the efficiency of the EMR system, 
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